The Nova laser, presently under construction at Lawrence Livermore National Laboratory, will be capable of delivering more than 100 kJ of focused energy to an Inertial Confinement Fusion (ICF) target. Operation at the fundamental wavelength of the laser (1.05 gm) and at the second and third harmonic will be possible. This paper will discuss the optical alignment systems and techniques being implemented to align the laser output to the target at these wavelengths prior to each target irradiation.
Introduction
Nova is a ten beam laser system that will he used to irradiate inertial confinement fusion targets.
The laser amplifiers operate at 1.05 Am wavelength. This energy can be used to irradiate the targets directly or it can first be converted to the second or third harmonic by passing it through KDP conversion crystals. We have developed an optical alignment system that operates at these three wavelengths. It is used to correctly align the entire system prior to target irradiation. One of the beams is shown incident on a target in the target chamber. Included in the figure are: a local illuminator, a harmonic module, an insertable pointing reference and a target plane imager. These subsystems and how they are used will be discussed in detail.
Alignment of the laser beams
Alignment of each of the laser beams is checked daily against several references. There are crosshairs in the beamlines which can be viewed by the output sensors. Adjustment of turning mirrors earlier in the system to bring the beams into alignment with these crosshairs establishes the primary beamlines. These beamlines are extended to the target chamber center by aligning to references at the chamber using mirrors M1 and M2 in Fig. 1 . All the subsystems to be described use these beamlines as references. 
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Local illuminator and crystal alignment
Following alignment of the laser beams it is necessary to align the KDP conversion crystals if the experiment planned requires irradiation at a harmonic wavelength. The local illuminator is used for this function.
It introduces a small diameter pulsed beam with a high enough peak intensity to align the KDP crystals for maximum conversion. This technique is necessary because full aperture alignment beams introduced at the input to the laser system are not intense enough.
Figures 1 and 2 illustrate the operation of this subsystem. A Q switched oscillator and associated optics are mounted near the top of the framework that supports the laser amplifiers.
This oscillator includes a small doubling crystal of its own and therefore, generates about one watt of average power at 1.05p and about 250 milliwatts at O.53µ. Beamsplitter B14 in Fig. 2 separates the wavelengths. A small amount of the second harmonic is incident on a reference detector (D) located behind B3. The rest is routed to the harmonic module, which will be discussed shortly. Although the average power of the first harmonic is only about one watt, its peak power is about 3 kilowatts. This beam is magnified to a diameter of about two cm and transported to the input of the last spatial filter in each of the Nova beamlines. Figure 2 shows an insertable mirror (M33) directing the power into a typical filter.
Following the spatial filter, a fraction of the beam is transmitted by the first turning mirror and enters the output sensor. Far -field images from the sensor are used to make the local illuminator beam colinear with the Nova system beamline. Most of the beam, however, is reflected by the turning mirrors and is incident on the central crystal of the KDP array. Harmonic conversion takes place at the crystals. A detector introduced behind the crystals measures this power relative to the reference detector. When the crystal is tipped to maximize this ratio, it is correctly aligned. 
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Harmonic illumination and harmonic viewing
For those experiments using second or third harmonic light, it is necessary to introduce alignment beams at those same wavelengths in order to correct for dispersion in the target chamber lenses, to align diagnostics, and to calibrate optics transmission at the wavelength to be used.
In principle, this could be done using the harmonic power generated when aligning the conversion crystals, but in practice there is not enough intensity. Therefore, harmonic alignment beams are introduced by the harmonic module shown in Fig. 3 .
Either the second harmonic power from the local illuminator or third harmonic power from an Argon ion laser is available in the harmonic module.
These are introduced into the beamlines near the focus of the last spatial filter by an insertable mirror.
From the spatial filter the beams are propagated to the target chamber at full aperture (74 cm)
Alignment of these beams requires viewing them relative to several alignment references. At the first harmonic, a viewing capability is in all ten output sensors. It would be too expensive to also include viewing capability at two more wavelengths in each output sensor, so we have included it in the harmonic module (one module serves five beams). Light returning to the last spatial filter is collimated by L21 and 
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relayed by L22 and L23 in Fig. 3 . Optical relays are included between each of the insertion mirrors for each of the beamlines. Therefore each of the beamlines looks optically the same when viewed from the harmonic module. All of the optics in this path are achromatic for the two harmonic wavelengths except the output lens (LS) of the spatial filter. To compensate for dispersion in LS it is necessary to introduce relay T3 into the path when operating at the third harmonic.
At the harmonic module, the reflected images are transmitted through splitter B12, which was used to introduce the harmonic power. The diodes at B13 and B14 are diagnostics to monitor the harmonic power output of the system. Lens L5 allows near -field viewing when in the path and far -field viewing when out of the optical path. Images are formed on the video (CID) camera following L9. Telescope Ti and T2 change fields of view.
Making harmonic wavelengths beams colinear
In order for the local illuminator and harmonic module alignment beams to be useful, they must be colinear with the system laser beamlines. This is simple at the first harmonic because the far -field images of the system beam and the local illuminator beam can be superimposed on the video camera in the output sensor. Refractive optics in the output sensor make this impossible at the harmonic wavelengths. Therefore, we have incorporated pointing references in the system using reflective optics. relayed by L22 and L23 in Fig. 3 . Optical relays are included between each of the insertion mirrors for each of the beamlines. Therefore each of the bearalines looks optically the same when viewed from the harmonic module. All of the optics in this path are achromatic for the two harmonic wavelengths except the output lens (LS) of the spatial filter. To compensate for dispersion in LS it is necessary to introduce relay T3 into the path when operating at the third harmonic.
At the harmonic module, the reflected images are transmitted through splitter B12, which was used to introduce the harmonic power. The diodes at B13 and B14 are diagnostics to monitor the harmonic power output of the system. Lens L5 allows near-field viewing when in the path and far-field viewing when out of the optical path. Images are formed on the video (CID) camera following L9. Telescope Tl and T2 change fields of view.
In order for the local illuminator and harmonic module alignment beams to be useful, they must be colinear with the system laser beamlines. This is simple at the first harmonic because the far-field images of the system beam and the local illuminator beam can be superimposed on the video camera in the output sensor. Refractive optics in the output sensor make this impossible at the harmonic wavelengths. Therefore, we have incorporated pointing references in the system using reflective optics. Figure 1 indicates an insertable pointing reference between mirrors Ml and M2. Each beamline includes an insertable mirror at this location which folds the central portion of the beam down to a pointing reference. Four reference sensors are used to align the ten beams. This is necessary because the ten beams are mounted in four vertical groups at this point in the system. Each pointing reference consists of a long (20 meter) effective focal length Cassegrain telescope with a solid state video camera (CID) at its focal plane.
A long focal length is needed in order to achieve the required pointing accuracy of 10 pradians. In operation, alignment is accomplished by first viewing the laser system focal spot and then aligning the harmonic beams in order that their focal spots are coincident with the system focal spot.
Alignment of the beams to the target
The final task that must be completed before irradiating a target is alignment of the laser beams to the target. Positioning accuracy of 30 µm or better is desired. Figure 1 indicates a target positioner and target viewers on the target chamber.
An orthogonal reference system is established by the target viewers with the chamber center as the origin. Targets are introduced into the vacuum chamber and positioned very accurately to the chamber center with the target positioner.
Accuracy of this positioning is verified by the viewers. Now the system is ready to align beams to the target.
This can be done in some cases directly onto the real target, but usually it simplifies alignment if a surrogate reference is positioned at the chamber center instead. A typical reference is a small ground glass reticle which is transparent to the alignment beams.
After the target or the reference reticle is positioned at the chamber center, an instrument called a target plane imager is brought into operation. Its location on the target chamber is shown in Fig. 1 Target plane imager.
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Near field mirror
vacuum chamber. Fields of view are chosen by a selection of optics that can be introduced into the line of sight and the resulting images are focused on the focal plane of a CID video camera.
